Positive contrast cisternography with digital subtraction of fluoroscopy images before computed tomography (CT) was employed in the investigation of eight patients with cerebrospinal fluid (CSF) rhinorrhoea. Fistulae were visualised by preliminary digital subtraction cisternography (DSC) in six patients and in five patients the sites of leakage were confirmed at surgery. Fluoroscopy facilitated interpretation of CT in all the positive studies and in two patients provided information which could not be deduced from CT cisternography (CTC) alone. The combined technique is recommended for the investigation of patients with recurrent and post operative CSF rhinorrhoea and when CTC alone fails to identify the site of leakage.
after previous attempts at surgical repairs. Details of the patients and the radiological findings are summarised in the table.
Nine examinations were performed in the eight patients. One examination was inconclusive due to degradation of the subtracted images by misregistration artifact caused by head movement during fluoroscopy. Following introduction of the head clamp this patient was successfully re-examined.
The escape of cisternal contrast through dural fistula was visible on DSC studies in six patients. These fistulae were confirmed at operation in five patients; one patient with a middle ear fracture was managed expectantly and leakage ceased without treatment. Fistulae were not demonstrated in two patients. One patient (Case 3) with a history of intermittent rhinorrhoea and recurrent meningitis was not actively leaking when examined and no fistula or contrast leak was seen at DSC or CTC but the latter demonstrated a bony defect in the petrous mastoid through which a dural sac herniated into the middle ear cleft. This defect was repaired and the patient has experienced no further symptoms to date.
The other patient developed rhinorrhoea 12 months after transphenoidal hypophysectomy for Cushing's disease. No leak was seen at DSC nor was a defect identified on CTC but contrast staining of nasal pledgets was demonstrated. Surgical exploration was deferred after he developed an abdominal abscess and CSF rhinorrhoea ceased spontaneously. Review CT scan nine months later demonstrated a recurrent intrasellar mass due to pituitary hyperplasia which presumably closed the fistula.
Computed tomographic cisternography confirmed CSF leakage in seven patients. These studies demonstrated contrast within dural fistulae in two patients. In a further four patients contrast was not visualised in the fistula but was identified in an operative cavity or adjacent sinus and in one patient staining of nasal pledgets was the only evidence of leakage.
Interpretation was facilitated by considering the two studies together since, in two patients CTC on its own could have been confusing. In case 1 the presence of two fistulous tracks could not be inferred from the 7Byrne, Ingram, Mac Vicar, Sullivan, Uttley CTC findings. This study demonstrated a defect in the floor of the sella and contrast pooled in the sphenoid and posterior ethmoid sinuses but not the fistulous tracts (fig 1) . The DSC showed contrast leaking via the sella floor into the sphenoid sinus and demonstrated a second fistula through the cribriform plate into the ethmoid sinuses (fig 2) . Similarly, in case Computed tomography combined with positive contrast cisternography is widely employed for pre-operative assessment of patients with CSF fistulae. The technique can demonstrate fistulae outlined by contrast and/ or contrast in adjacent paranasal sinuses and may show associated fractures. Failure to demonstrate contrast within the fistula track may be due to intermittent leakage, tortuosity of the track or a defect which is very iarge and does not retain contrast. Manelfe et at proposed that fistulae be diagnosed only if contrast was visualised in a bone defect or when a defect was demonstrated in association with an extrathecal collection of contrast. In the latter instance localisation is indirect since the fistula's course must be inferred from the sites at which extrathecal contrast pools. Bone discontinuity identified by CT may not be the site of the fistula if the dura matter is intact.2'
Fluoroscopy of the skull base during contrast filling of the basal cisterns gives the investigator a dynamic view and increases the likelihood of demonstrating contrast within a fistula. Furthermore recording the video signal for subsequent analysis of the sequence in which extrathecal contrast appears helps in the interpretation of the fistula's path and the demonstration of multiple tracks. Digital subtraction of the video signal'6 improves the images but demands strict immobilisation of the patient. Since subtraction depends on images obtained before and after the arrival of contrast, only one view is possible unless biplane equipment is available. To justify using DSC it must provide diagnostic information superior to that of CTC alone. Our results show that DSC achieved direct visualisation of fistulae in the majority (six of eight examinations) whereas contrast was demonstrated in fistulae by CTC in only two patients. Other reports, which distinguish between the demonstration of contrast within fistulae and indirect localisation suggest that CTC can achieve direct localisation in 30-37% of patients.2025 Furthermore DSC provided unique information in two studies. It could be argued that DSC should only be used when CTC has failed. Since the morbidity is little more than that associated with lumbar puncture and the two techniques so complimentary we would argue that they are best combined.
In summary, the dynamic view provided by digital subtraction cisternography allows more confident demonstration of CSF fistula particularly in larger defects associated with post operative rhinorrhoea. It gives information additional to that available from CTC alone including the demonstration of multiple fistulae. These results were achieved without the introduction of a second invasive procedure and with minimal additional discomfort to the patient. The technique is recommended in combination with CTC or when CTC has failed to identify the site of leakage.
